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ABSTRACT

Numerical classification analyses (clustering) of
spring, summer and fall National Marine Fisheries Service
bottom trawl catches on the inshore continental shelf
between Cape Ann, Ma. and Cape Fear, N.C., showed consistent
species associations and faunal zones over a three year
period. Analysis of a data set created by combining all
nine survey cruises also produced consistent species
associations, however sites clustered by seasons as well as
by geographic area.
The three faunal provinces of the u.s. East Coast
(Gulf of Maine, Middle Atlantic Bight and South Atlantic
Bight) were represented in the study area, as were the
seasonal faunal barriers at Nantucket Shoals and Cape
Hatteras. Generally, the faunal zones correlated well with
the thermal regimes of each province and respected the
faunal barriers when strong thermal gradients were present.
Only south of Cape Hatteras did depth appear to define a
boundary between faunal zones.
During the spring, when bottom water temperatures were
lowest, four species associations and three faunal zones
were identified. The species associations consisted of a
cold water boreal group (affiliated only with the faunal
zone between Cape Ann and Cape May, N.J.), a less cryophilic
boreal group, a eurythermal warm temperate group and a warm
temperate group which was restricted to waters south of Cape
Hatteras. With vernal warming, a northerly and onshore
migration of warm temperate species increased to five the
number of species associations in summer. Beside the four
groups found in spring a more thermophilic association was
identified. Separations between the northern three summer
faunal zones occured at Nantucket Shoals and northern New
Jersey. The other two summer zones were restricted to south
of Cape Hatteras and were separated longitudinally (inshore
and offshore). In fall, when bottom temperatures were
highest, a sixth species group of primarily southern species
was identified. This group appeared restricted to the
inshore faunal zone south of Cape Hatteras. The five faunal
zones recognized in summer were also identified in fall,
however the cold water zone was restricted to north of Cape
Cod and the other two groups north of Cape Hatteras extended
further to the north than they did in summer.
viii
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INTRODUCTION

Descriptions of demersal fish communities on the
world's continental shelves are rare in the literature
despite the abundance of data collected for population
assessment. Most demersal fish species are highly mobile,
and seasonally migratory in temperate latitudes (Taylor et.
al. 1957, Colvocoresses and Musick 1985, Musick et. al. in
press).
The National Marine Fisheries Service (NMFS),
NOAA (formerly Bureau of Commercial Fisheries), has
conducted groundfish surveys since 1948 and has utlized
tpese data primarily for resource assessments (Edwards,
1976).

In 1972 the semi-annual bottom trawl surveys of the

continental shelf waters from the Gulf of Maine to Cape
Hatteras were expanded south to the vicinity of Cape Fear
North Carolina and a summer cruise was added in 1977 to
augment those of the spring and fall. The broad data base
resulting from these surveys has, with few exceptions, only
been utilized to assess the populations of commercially
important species and to provide data for their management
(Brown et al. 1976, Clark and Brown 1977).

2
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Among the few studies which have used objective
numerical classification (i.e. similarity indices, recurrent
group analysis, and/or clustering methods), to describe the
community structure of demersal fishes on the open
continental shelves, are Day and Pearcy (1968) for the

u.s.

northwest Pacific coast, Fager and Longhurst (1968) in the
Gulf of Guinea (Africa), Sauskan and Ryzhov (1977) on
Campeche Bank (Mexico) and in the Middle Atlantic Bight
(Cape Cod, Ma. to Cape Hatteras, N.C.), Colvocoresses and
Musick (1979 and 1985) and Musick et. al. (in press).
Most of these studies were restricted to the outer
continental shelf at depths of 15 m to 200m or deeper.
This study was undertaken to describe the coastal
demersal fish community on the inner continental shelf
between 6 and 27m, from Cape Ann, Ma. to Cape Fear, N.C.,
using the NMFS groundfish survey data.

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.

MATERIALS AND METHODS

Sampling
The

u.s.

National Marine Fisheries Service {NMFS) has

conducted inshore groundfish survey cruises for assessment
purposes since the spring of 1976 from the !_RS
and FRS Delaware II.

~lbatross

!Y

Using the criteria of depth and

geographical area, 84 sampling strata were derived between
Cape Ann, Ma. and Cape Fear, N.C., inshore of the 27m
contour (Fig. 1).

A stratified random sampling design was

adopted so that trawl stations were randomly located within
each sampling stratum.

The present study is based on catch

data collected during 9 cruises between the spring of 1978
through fall, 1980 (Table 1).

All summer and fall sampling

was accomplished with the standard #36 Yankee trawl (18m
headrope, 24m footrope with rollers and stretch mesh sizes
of 125mm, 115mm and 13mm .in the body, cod end and cod end
liner respectively) whereas the spring cruises, beginning in
1976, were conducted using a modified high-opening #41
Yankee bottom trawl (24m headrope, 30m footrope with rollers
and stretch mesh sizes similar to the #36).
the trawl was towed at 3.5 kn for 0.5 hr.
identified, counted and weighed by species.

At each station
Catches were
For more

detailed descriptions of sampling design and sample
processing see Grosslein (1969).
4
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Table 1. - INSHORE BOTTOM TRAWL SURVEY CRUISES

Ship

Cruise

Season

Date

I of
sta.

Area of investigation

Trawl Type

-1978
AZbatJooBB IV
Al.bat!ooss IV & DeZaz.tttos II
Ds'Zal.1a.Joe II
DBZaz.tttoe II
DBZaz.tttoe II

1979
'At1iiitJ.ose IV & Ds'Zal.1a.Joe II
DsZaz.tttos II
Al.batl"oee IV & DsZaz.tttoe II
Ds'Zal.1a.Joe II
Delaz.tnoe II
DeZaz.tttoe II

1980
Aibi.i"tPose IV & DeZaz.tttoe II
DsZaz.tttoe II
Al.batJooss IV & DsZaz.tttoe II
DeZaz.tttoe II
DsZaz.tttoe II

78-04
78-09.05
78-05
78-06
78-06

20
25
30
5
8

Mar-23 May
Jul-11 Aug
Jul-1 Aug
Sep-22 Nov
Sep-11 Sep

Spring
Sunmer
Sunmer
Fall
Fall

71

79-03.04
79-04
79-07 .o8.o9 79-07
79-10
79-10

21
25
2
29
21
18

Mar-12 May
Mar-27 May
Aug-31 Aug
Jul-2 Aug
Sep-9 Nov
Sep-21 Sep

80-03.02
80-02
80-08.05
80-07
80-07

25
20
14
25
20

,.ar-25
Jul-18
Sep-15
Sep-23

APr
Mar
Aug
Nov
Sep

~ar-22

45

Nantucket-Cape Hatteras
Grand Hanan Is.-Cape Hatteras
Cape Hatteras-Cape Fear
Nantucket-Cape Hatteras
Cape Hatteras-Cape Fear

41
36
36
36
36

Yankee
Yankee
Yankee
Yankee
Yankee

Spring
Spring
Sunmer
Sunmer
Fall
Fall

89
18
101
35
89
37

Cape Ann-Cape Hatteras
Cape Hatteras-Cape Fear
Mt. Desert Is.-Cape Hatteras
Cape Hatteras-Cape Fear
Cape Ann-Cape Hatteras
Cape Hatteras-Cape Fear

41
41
36
36
36
36

Yankee
Yankee
Yankee
Yankee
Yankee
Yankee

Spring
Spring
Sunmer
Fall
Fall

100
37
103

Gulf
Cape
Gulf
Gulf
Cape

41
41
36
36
36

Yankee
Yankee
Yankee
Yankee
Yankee

105
43
77

88
38

of Maine-Cape
Hatteras-Cape
of Maine-Cape
of Maine-Cape
Hatteras-Cape

Hatteras
Fear
Hatteras
Hatteras
Fear

6

Taylor (1953) has reported that variability in otter
tra\'1 1 sampling arises from the natural contagious
distribution of the population(s) being sampled and inherent
variations in sampling methodologies.

Statified random

sampling is the design of choice for sampling on NMFS trawl
surveys and an analysis of sampling errors in these surveys
indicates a relative biomass index for one survey over the
mid-Atlantic Bight of + or - 50% of the mean (P<0.05)
(Grosslein 1971).

This does not include errors resulting

from changes in biomass availability or catchability due to
permutations in environmental conditions between years or
intercruise changes in sampling efficiency (Grosslein 1976).
Compounding natural variability, including differences
in diel vulnerability of many dominant species, are those
introduced by using different trawls towed by research ships
of different power and hull configurations. For instance,
Sissenwine and Bowman (1978), during an intercalibration of
the #36 and #41 Yankee trawls, determined that the #41 is
more efficient for mackeral in the spring since the net
fishes higher than the #36.

In general they report that the

catchability factors of trawls vary by species, abundance
and weight.
According to Sissenwine and Bowman (1977), for most
species

diel variations in catchability account for more

variation than either the type of trawl being fished or
research ship from which it is towed.

During the NMFS

surveys, stations were occupied as they were encountered,
without regard for time of day or night, and therefore it is

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.

7

anticipated that this temporally random sampling
ameliorated,to some extent at least, the magnitude of diel
variation.

Grosslein (1976) reports that despite these

problems of variability the present sampling methodology is
precise enough to assess annual changes exceeding a factor
of two and is also adequate for measuring trends in
abundance.
Bottom water temperatures during each cruise were
obtained by expendable bathythermograph cast (XBT) at each
station.
Analyses
Groundfish data from each of the 9 cruises were
analyzed using the numerical classification techniques
similar to those employed by Colvocoresses and Musick (1979,
1985) and Diaz, (1977).

Also, three cruises for each of the

three seasons sampled were pooled and similarly analyzed, as
was a data set which combined all 9 cruises.

For each

analysis, the Canberra metric similarity coefficant was
calculated based upon the species abundance data obtained
from each sampling stratum.

The abundance of individuals

within each species was used to derive similarity values
rather than biomass measurements which may be overly
influenced by large, motile but relatively rare fishes.
From the similarity index values dendrograms were derived
for

bo~h

species and, from the inverted matrix, samples

(sites) (Sneath and Sokal 1973).

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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The Canberra metric coefficient (Lance and Williams
1967; Williams 1971), has been shown to be particularly
effective when contagiously distributed organisms (such as
fishes) are being studied.

According to Boesch (1977)

11

the

Canberra metric coefficient can be considered intermediate
between other quantitative similarity, distance and
correllation measures and binary resemblance measures.

11

This

coefficient is usually expressed in its dissimilarity form
(Djk) however in this paper the complement or similarity
form will be used, where:

sjk = l/m

f 2 min

(x;j,Xik)
(x;j+x; k)

In species analysis:
x
m

= the number of species

j

and k at station i

= the total number of stations (sites)

In station (site) analysis:
x

=

m

= the total number of species

the number of species i at stations j and k

The abundance data used to create the clusters were
transformed [log 10 (x + 1)] prior to analysis in order that
the effects of the species contagious distribution would be
further ameliorated (Taylor 1953).

Species which were found

to occur at less than five percent of the stations occupied
during a sampling period were dropped from the cluster
analyses, because rare species tend to contribute little to

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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defining patterns in numerical classification and instead
introduce "noise" into the analysis that may mask patterns
(Boesch 1977).

Five percent is equivalent to a drop level

of six occurrences for each seasonal cruise.

To maintain a

drop level of 5% for the pooled seasonal cruises a species
would have had to occur at a minimum of 16, 19 and 18 times
for the spring, summer and fall pooled cruises respectively.
By maintaining the drop level at 6 occurrences, species only
had to occur at between 1.5 and 1.9% of the stations
sampled.

When the 9 cruises were combined, with 1070 sites,

a species would have had to occur at least 54 times for a 5%
drop level.

To maintain the percentage of species dropped

close to that of the pooled seasonal analyses the drop level
was increased to 10 occurrences (-1%).
The relationships between stations or between species
were calculated using the Fortran IV program COMPAH
(Combinatorial Polythetic Agglomerative Hierarchical
Program) which was developed at the Virginia Institute of
Marine Science.

A PRIME computer at the institute was used

to generate similarity matrices and, cluster diagrams
(dendrograms).

Dendrograms graphically illustrate the

relationships between stations (normal analysis) and between
species (inverse analysis) hierarchically
Stephenson 1975).

(Clifford and

The flexible sorting clustering strategy,

an agglomerative hierarchical method which is space dilating
and avoids chaining at the expense of clustering intensely
(Lance and Williams 1967) was used with the cluster
intensity coefficient (beta)

=

-0.25.

Beta

=

-0.25 has

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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become a more or less conventional value (Williams 1971,
Boesch 1977).
Nodal analyses, to relate the normal and inverse
classifications, were performed on all cluster analyses
(Colvocoresses and Musick 1985).

Accordi.ng to Boesch

(1977), nodal analyses can be interpreted through the
concepts of constancy and fidelity.
Constancy was arbitrarily graded as high, medium, low,
etc. based on percentages of the number of occurrences of
species in the site group to the total possible number of
such occurrences.
Constancy Index:

C;j

=

a;jl(n;nj)

Where: aij is the actual number of occurrences of members
of species group i in site group j and the ni and nj
are the numbers of entities in the respective groups.
Fidelity provides an indication of the degree to which
species "select" or are limited to site groups.

The

fidelity index, according to Boesch (1977) " .••• is an
expression of the constancy of species in a collection group
compared to the constancy over all collections."
Fidelity Index:

FlJ
·.

= (alJ,,,
· •En .. ) I (nJ.lJ
·E• •)
J

v

J

The same terms are used as in the constancy index.
Species Dominance
Patterns of numerically dominant species were compared
among site groups.

For a species to be considered a

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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numerical dominant it had to have occurred in at least 20%
of all stations in a site group and the average percentage
the species contributed towards total abundance within the
site group had to be equal to or greater than 2.0%.
Faunal Affinities
Published records of the species captured were examined
to determine their ranges and habitats in order to establish
faunal affinities (Jordan and Evermann 1902; Hildebrand and
Schroeder 1928; Bigelow and Schroeder 1953; Ekman 1967;
Randall 1968; Musick 1972;).

Boreal species maintained

resident populations north of Cape Cod and most of these
terminated their southern ranges in the Middle Atlantic
Bight.

A few species, ie. Squalus acanthias, transcend Cape

Hatteras offshore in the cooler subpycnocline waters and
migrate inshore, probably in tongues of cool upwelled bottom
water.

Warm temperate species had permanent populations

south of Cape Hatteras but not in the tropics (C. Wenner,
personal communication).

The warm temperate species, with

few exceptions, terminated their northern ranges south of
Cape Cod.

Scophthalmus aquosus, occurring with both boreal

and warm temperate fishes was extremely eurythermal (Musick
et. al. in press).

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.

DESCRIPTION OF THE SURVEY AREA

The northeastern U.S. inshore (<27m) continental shelf
between Capes Ann and Fear encompasses some 44,400 sq. km.
and three distinct faunal provinces.

These faunal

provinces, usually referred to as the South Atlantic Bight,
Middle Atlantic Bight and Gulf of Maine, are separated by
the geographical discontinuities Cape Hatteras and Cape Cod
(or perhaps more correctly Nantucket Shoals) which act
seasonally as faunal boundaries.
Cape Ann - Cape Cod
North of Cape Cod the shore and coastal shallows of the
Gulf of Maine, including Massachusettes Bay, are of hard

substrate and rugged topography with flat sandy areas of
varying sizes interspersed.

Coastal contours and isobaths

are more complex than to the south.
narrower here (<2 km. wide

The shelf is also

at the Capes increasing to 10-20

km in Massachusettes and Cape Cod Bays) dropping off rapidly
to the relatively deep areas of the Gulf of Maine. Two
strata in Cape Cod Bay (numbers 60 and

61) and two strata

off Cape Ann (numbers 65 and 66) are deeper than 27m (Fig.
1) but also have been included in the analysis due to their
coastal proximity and ecological continuity.

Total area

12
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FIGURE 1.

Inshore strata ( ~27m) sampled by the NMFS Groundfish
Survey. Strata south of Cape Hatteras repeat numbers
of those assigned to strata at Nantucket Shoals and north.
The southern strata are usually denoted by an S prefix.
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sampled between Cape Ann and Cape Cod was about 10,800
sq.km.
Historic water temperature information has, for the
most part, been derived

from either Bigelow (1933) or Parr

(1933) as they are the most complete data sets for the study
area.

Maximum summer surface temperatures gradually decline

northward from Massachusettes Bay where the summer maximum
is about 18°C.

The annual temperature range of the surface

water is also around 18 °c (Parr 1933).

Parr (1933, fig. 3,

p.l7), using data from Bigelow (1927), also indicated that
Massachusettes Bay is thermally divided into a relatively
cool outer, northeastern region and an inner, southwestern
region with warmer temperatures.

In mid-June 1922 surface

temperatures in the northeastern region averaged 12.7°C
compared to 15°C in the warmer region.

In winter the Bay is

well mixed with temperatures of around 2-5°C.
Fresh water discharge from the many tributaries of the
Gulf of Maine is not apparent as

distinct plumes but rather

as a narrow coastal band of low salinity.

Discharge from

the Merrimack River, which flows into the GUlf about 30 km
north of Cape Ann, continues south around the Cape into
Massachusettes Bay as a lens of low salinity water, the
density field of which causes a clockwise circulation.
Stratification along the coast and in Massachusettes
Bay, initiated by solar heating in the spring, is aided by
runoff decreasing surface salinity and upwelling (caused by
westerly winds transporting surface water offshore) of cold,
relatively high salinity Gulf of Maine bottom water.
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Cape Cod - Nantucket Shoals Seasonal Faunal Boundary
The geographical position and complex bottom topography
of the Nantucket Shoals area produce high tidal turbulence,
the result of which is mixed water conditions throughout
much of the year.

These conditions are also highly variable

spatially and temporally.

Bigelow (1933) recorded a bottom

temperature of 2.0°c at Martha's Vineyard in February 1929
and a bottom temperature of 5.5°C at the same site and time
in 1932.
The Nantucket Shoals thermal barrier usually developes
in April but has been shown to begin as early as March or as
late as May and is formed by rapid vernal warming of the
water off southern New England, slackening of cold water
currents from the east and the significantly lower
temperatures of the Shoals.

By May, water west of Nantucket

Shoals, at Martha's Vineyard, is beginning to stratify with
a surface temperature of 10.6°C and a bottom temperature at
20m of about 8.6°C.

A strong surface thermal gradient is

formed at the Shoals in early June, represented by a change
(west to east) from 18 to 13°C within 37km.

The high

varibility of surface temperatures at Nantucket Shoals has
been indicated by Parr (1933) where he showed that at the
end of June surface water at the southwest Shoals was 10°F
(5.6°C) warmer than water at the northeast Shoals.

By the

end of July this gradient had reversed so that southwest
Shoal water was 6-8°F (3.4-4.5°C) cooler than northeast
Shoal water.
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During July and August maximum warming of the surface
waters occurs (approaching 18°C) with spatial and temporal
thermal variability continuing as local weather conditions
alternatively cause importation of warm surface water or
upwelling of cold bottom waters, which are quickly mixed by
stong tidal turbulence.

Tidal mixing on the Shoals in mid-

July caused the water to be homogeneous from the surface to
9m in depth, with only about a 1.0° difference between surface
( 13.2°C) and bottom water at 40m ( 12.2°C).

At about the

same time, however, water to the west, off Martha's Vineyard,
was well stratified with a strong thermocline at 25-30m in
40-45m of water.

In late July this same water decreased in

temperature from 18.9°C on the surface to 15.0°C at 12m,
l0.0°C at 20m and 9.0°C at 40m.

Bottom temperatures, in

August, on the shallow (15-20m) southeastern Shoals are
similar to those on the western side (18-19°C), however,
they are apparently not contiguous.

Thermal variability is

shown by other data, also obtained in August and at similar
depths (18-25m).

East of 070°W (longitude of Nantucket

Island) bottom temperatures ranged from 15.5-10.7°C (mean

=

12.9°C), and decreased 2°C over a tidal change (6.5 hours)
while bottom water west of 070°W remained warmer, ranging
from 14-16.9°C.

In general, tidal turbulence keeps bottom

temperatures relatively high and surface temperatures
relatively low.
Cooling of the surface water begins in late September October and, due to mixing, may represent cooling in the
shallow (15-20m) bottom water but not in deeper water.
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mid-October the water column off Martha's Vineyard is
isothermal (14.7-14.9°C) from the surface to bottom, at 30m.
The fall overturn is complete by November when Nantucket
surface temperatures are only 5°C lower than those at the
offing of Chesapeake Bay.
Not only are the Nantucket Shoals subject to regular
annual temperature fluctuations of about 14°C, they also
undergo large irregular temperature changes which led Parr
(1933) to classify the area as heteroeurythermal.

The

summer temperatures north of Cape Cod normally are not
contiguous with similar temperatures found in the coastal
waters off southern New England.

However, Parr (1933) and

others have suggested that, during temporary isothermal
conditions, passage through this barrier may be accomplished
by mobile organisms; i.e. demersal fishes.

Existence of

such a passage appears to be made more plausible by
Limeburner and Beardsley (1979) who reported

homogeneous

water conditions (surface to bottom density changes of less
than O.lg/1) in depths less than 40m during May through
September due to tidal mixing.

Three passages through or

around the thermal barrier have been hypothesized; an outer
passage around the Shoals, an inner passage over the shoals,
possibly north of Nantucket Island and a passage through the
Cape Cod Canal (Parr 1933, Taylor et. al. 1957).

Although

such passages may exist Parr (1933) suggested that they vary
so much spatially and are of such short duration that for
all intents and purposes the barrier remains viable and
intact between June and September.
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Middle Atlantic Bight
The mid-Atlantic Bight encompasses the coastal and
offshore waters between Cape Cod and Cape Hatteras and is
generally considered to be composed of the New York and
Chesapeake Bights.

New York Bight comprises the area from

the offing of Long Island Sound to the offing of Delaware
Bay, south of which is the Chesapeake Bight terminating at
Cape Hatteras.

Strata at or shallower than 27m (numbers 1-

23) in the New York Bight comprise a total area of some
8,000 sq km.

In the Chesapeake Bight strata 24-44 total

around 11,700 sq km (Fig. 1).
The inner shelf between Cape Cod and Cape Hatteras is
characterized by a gently sloping bottom of fine to coarse
sand with a ridge and swale topography.

The Hudson Canyon

Trough divides the New York Bight roughly in half.

The

shelf in the northeastern half, off Long Island, has a
steeper slope than in the south with the 27m isobath only
about 9-lOkm offshore.

Off New Jersey the 27m depth is

reached some 37km off the coast

Just south of the offing of

Delaware Bay the 27m isobath is about 45km off the coast and
begins to run approximately north and south.

The 27m

isobath gradually moves offshore to 65km off Chesapeake Bay
where i t then moves back onshore so that i t is only 28km off
Cape Hatteras.

Except for the most northern portion of the

Middle Atlantic Bight, where the offings of Buzzards Bay,
Narragansett Bay and Long Island Sound converge, sand
barrier beaches are most prevalent along the coast.

From

the convergence of these offings east of Long Island, three
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major estuaries interrupt the coast at 200km intervals.
These estuaries (from north to south) are Hudson
River/Raritan Bay, Delaware Bay and Chesapeake Bay all of
which maintain normal estaurine circulations (Pritchard
1955) including bottom currents from the shelf into the
estuary (Beardsley et. al. 1976).

These estuaries have been

noted by many authors to be important nursery areas for
demersal fishes.
As before, information regarding temperature has been
gleaned from either Parr (1933) or Bigelow (1933) except
where other authors are cited.

Parr used surface

temperatures to represent those at the bottom of a uniform
layer at 10-50m in winter which attests to the isothermal
winter conditions of the mid-Atlantic Bight.

In summer Parr

used surface temperatures to represent subsurface water
temperatures to only 9m indicating the stratified conditions
of summer.
Winter temperatures are extremely uniform over the midAtlantic inshore shelf reaching a minimum in February or
early March of about 2°c in the New York Bight and 5-6°C
just north of Cape Hatteras where that thermal barrier is
extremely strong at this time.
is non-existent at this time

The Nantucket Shoals barrier
Stratification begins in early

spring with the onset of vernal warming in March - April
which also starts the deterioration of the thermal barrier
at Cape Hatteras.

Warming is rapid in May and as the

thermal barrier at Nantucket is formed the barrier at Cape
Hatteras has disappeared.
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By July the surface water has warmed to almost the
summer maximum (30°C in the southern portion of the Bight)
and the thermocline is well established.

Water deeper than

about 30m, however, has been warmed only slightly over the
winter minimum and the maximum bottom temperatures are
reached about a month after the surface maximum (Ketchum and
Corwin 1964).

Bigelow (1933), Ingham et. al. (1982) and

others have described a pool of cold bottom "winter" water
persisting over the outer shelf (>40m) between Georges Bank
and Cape Hatteras.

During upwelling this colder and more

dense water has been shown to not only extend into the surf
zone (Hicks and Miller 1980) but also strengthens the
stratification.

Generally, stratification is weak or absent

inshore of 10m while offshore of the 10m isobath a
thermocline becomes established at 9-lOm and thickens to 1020m offshore.

The depth and thickness of the thermocline is

highly dependent upon local weather conditions.

Cooling of

the surface water begins in mid to late September and by
late October - November fall overturn is complete and
homogeneous winter conditions are established.
Due to the large influx of fresh water from the
numerous rivers feeding the estuaries the coastal salinities
vary seasonally, roughly between 30 and
water less saline than bottom water.

330/o~

with surface

Discharge rates are

variable but usually reach a maximum in April. The lowest
salinities are usually associated with estaurine plumes in
spring, after solar heating has liberated the frozen water
accumulated during winter.

Heavy precipitation, associated
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with storms, has been shown to drastically reduce surface
salinities in estaurine plumes; i.e. runoff from Hurricane
Agnes in June 1972 lowered surface salinities to 16 o;oo
Chesapeake Bay, 30 Oj00

< 32

off

just north of Cape Hatteras, and

0/oo at the 200m isobath (Boicourt 1973 ).

There is no

vertical salinity gradient in winter, however, in spring the
gradient begins to become established due to fresh water
runoff and upwelling of high salinity offshore bottom water
(which has been shown by Boicourt and Hacker in 19 7 6 to have
reached inshore to at least the lOrn isobath).
Intense stratification in the mid-Atlantic Bight
effectively isolates water below the pycnocline which
results in a summer oxygen "sag".

Bottom water dissolved

oxygen values reach an annual maximum of about 7ml/l
throughout the Bight in March and then decrease to lows in
August of about 4ml/l off Long Island and 2.9ml/lff New
Jersey (Armstrong 1979), and remain so until the fall
overturn.

Fish kills, associated with hypoxic conditions,

have been documented off the open New Jersey coast in 1968,
1971, and 1974.

In 1976, 6,200 sq km were hypoxic and 1,500

sq km of this was anoxic (Sindermann and Swanson 1979).
Azarovitz et. al. (1979) noted that during the 1976 episode
finfish avoided dissolved oxygen concentrations lower than
2.lml/l.

This is only less than 1.0 ml/1 below annual

summer concentrations off New Jersey.

A warm water route

(as opposed to a route through oxygenated but cold deep
offshore water) around hypoxic bottom water may be inshore
of the lOrn isobath where bottom water is not isolated from
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surface water.
Cape Hatteras Seasonal Faunal Boundary
Cape Hatteras is not only an effective winter faunal
barrier but also separates conceptually the Middle Atlantic
Bight from the South Atlantic Bight and the "Virginian"
zoogeographic province from the "Carolinian" province
(Johnson 1934; Magnuson et.al. in prep.).
The shallow, complex bottom topography of the Cape
contributes significantly to turbulence which affects the
distribution and mixing of water in both the horizontal and
vertical.

The southerly currents of mid-Atlantic Bight

coastal and shelf water are deflected eastward at Cape
Hatteras where they are entrained in the Gulf Stream (Fisher
1972). The Gulf Stream here passes over the outer edge of
the shoals where the water is sometimes less than 5.5m deep.
Examination of figures in Bigelow (1933) indicate
winter bottom temperatures to have varied in February 1931
by more than 8°C between Cape Hatteras and just south of the
Cape.

During mid-winter, at temperatures below 60°F (16°C),

Parr (1933) reported that similar temperatures north and
south of the Cape were not continuous; i.e. the relatively
low coastal temperatures south of Cape Hatteras were not the
result of continuous water transport around the Cape but of
local cooling.

Beside Parr, who reported Cape Hatteras as

an effective winter faunal barrier to coastal fishes,
Bigelow (1933) described the abrupt temperature transition
as a barrier to coastwise migration in either direction.
Cerame-Vivas and Grey (1966) similarly report the existence
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at the Cape of a winter thermal barrier for the migration of
invertebrates.
In April the barrier deteriorates and by May is broken
down completely.

t-iean maximum summer surface temperatures

reach between 25°C (Walford and Wicklund 1968) and 28°C
(Parr 1933).

The barrier begins to reform in October where

the mean surface thermal gradient between Diamond Shoals
lightship and Cape Charles lightship increases from 2°F
(>1°C) to about 6°F (>3°C) in mid-November.
Cape Hatteras - Cape Fear
Like the mid-Atlantic Bight, the coast between Cape
Hatteras and Cape Fear is of sand barrier beaches.

The

bottom slopes even more gently than in the north with the
27m isobath some 40km off Raleigh Bay and almost 90km off
Onslow Bay.

About 15,600 sq km were sampled (strata 50s-

64s; Fig.l).
Surface coastal waters of the northern portion of the
South Atlantic Bight, between Cape Hatteras and Cape Fear,
during the summer, average only about 1.7°C (3°F) less than
the coastal water off Florida, or about 23°C (73°F).

From

figures in Parr, 1933 maximum surface temperatures appear to
reach 26.7°C (80°F) in July - September.

Towards the end of

November, as the thermal barrier at Cape Hatteras is
reforming, 15.5°C (60°F) water may move south around the
Cape where it invades the coastal waters of Raleigh and
Onslow Bays and remains until early April.

In December

local cooling will decrease coastal temperatures to around
12.7°C (55°F). These temperatures may be similar to
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temperatures north of Cape Hatteras but are not contiguous.
Local cooling in January and February may decrease the
coastal temperatures further, to as low as about 10°C
(50°F).

The proximity of the Gulf Stream results in the

deeper, offshore water being warmer than that along the
coast.

In March, with vernal warming, the cooler

temperatures deteriorate as does the barrier at the Cape
(Parr 1933).
Upwelling was observed in June along the 60m isobath
off both Raleigh and Onslow Bays although the currents were
generally weaker than those observed off Cape Fear and Cape
Lookout where they were northerly and the thermocline was
deeper (Atkinson and Targett 1983).
Irregular temperature fluctuations in the South
Atlantic Bight are slight; however, there exists a large
seasonal change (17-20°C or 30-35°F), which is less than
that of the Middle Atlantic Bight.

Parr (1933) referred to

both as being heterostenothermal.
Climatic
- - - Conditions
Climatic data from six sites between Boston, Ma. and
Wilmington, N.C. were averaged to obtain mean annual values
of temperature, precipitation and snowfall over the study
area for each year (1978, 1979 and 1980).

These values were

then compared with recorded mean values for each variable
(temperature record since 1872, precipitation since 1871 and
snowfall since 1936) to determine if any of these years
deviated significantly from the mean, which they did not.
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RESULTS
Climatic
- - - Conditions
The mean 1979 temperature (°C) was extremely close to
the recorded mean temperature (13.9 and 14.0 respectively),
whereas 1980 was slightly warmer (14.2) and 1978 0.4°C
cooler (13.6).

Overall, these years were representative of

"normal" temperatures although temperatures within the
faunal provinces in the survey area occasionally deviated
from province means by as much as two degrees.
Mean precipitation (inches) for the survey area was
relatively high in 1979 (54.62) and close to the recorded
mean (42.42) in 1978 and 1980 (45.62 and 39.16
respectively).

Snowfall (inches) in 1978 more than doubled

the recorded mean (30.16 and 14.95 respectively) while 1979
had slightly less snow (13.94) and 1980 slightly more than
the mean ( 16.56 ).
Spring Sampling Periods and Bottom Temperatures
Sampling dates among years coincided nicely for the
spring cruises with most areas being separated by only 2-3
days, except off Delaware Bay when six days separated the
1978 and 1979 sampling.

Sampling in the Cape Ann to Cape

Cod province during 1979 encompassed 12-29 April and
included the 20-21 April 1980 sampling.
Block Island was accomplished in 1978.

No sampling east of
The Cape Ann-Cape

25
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Cod faunal province was basically isothermal in 1979 with
the 4°C isotherm dividing the area into inshore and offshore
components (spring bottom isotherms for 1978, 1979 and 1980
are depicted in Figures 2, 3 and 4 respectively).
water temperatures averaged 3.6°C.

Bottom

Bottom temperatures in

1980 averaged slightly warmer, at 4.5°C and the province's
inner, southwestern region had temperatures above 6°C.
These differences were probably due to the later sampling
start in 1980 and not due to climatic differences, as mean
air temperatures during both years were 9.3°C.

The

Nantucket Shoals faunal barrier was non-existent in both
1979 and 1980 with homogenous water temperatures around 4°C
and 6°C respectively.
Middle Atlantic Bight bottom water temperatures
averaged 4.4, 5.3 and 5.7 °c in 1978, 1979 and 1980
respectively with the differences being real and not
sampling artifacts as sampling dates were within a day or
two of each other. In 1978 4°C water persisted off Long
Island, N.Y., the 6°C isotherm was located just south of"
Chesapeake Bay and 8°C water was located off Oregon Inlet,
N.C.

In 1979, the 6°C isotherm was more northerly, off the

New Jersey coast, and persisted to just north of Cape
Hatteras.

The entire Middle

A~lantic

Bight area under

study, from Nantucket Shoals to Cape Hatteras, had bottom
temperatures around 6°C in 1980.

The faunal barrier at Cape

Hatteras was strongly intact with gradients of 8-14°C in
1978, 6-14°C in 1979 and 8-14°C in 1980 which are in accord
with temperature gradients reported by Bigelow (1933).
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FIGURE 2. - Bottom isotherms for spring 1978.
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FIGURE 3. -

Bottom isotherms for··spring 1979.
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FIGURE 4. - Bottom isotherms for spring 1980.
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No sampling was conducted south of Cape Hatteras in
1978.

Mean temperatures for

~his

area were almost a degree

warmer in 1979 than in 1980 ( 13.7 and 12.8 °c). The 12°c
isotherm extended longshore from Cape Lookout to Cape Fear
in 1980, whereas in 1979 the area was dominated by 14°C
water.

The cooler 1980 inshore water was most likely a

result of local cooling as suggested by Parr (1933) and not
a temporal sampling artifact as sampling times were within
three days of each other.
Sum~~

Sampling Periods and Bottom Temperatures

Dates of summer sampling north of Cape Cod varied
substantially between years (1 Aug.,1978; 28-29 Aug.,1979
and 14-15 Aug.,1980).

The mean bottom temperature of 6.7°C

in 1978 probably reflects the relatively early sampling
then, compared to 7.5°C in 1980 and 7.9°C in 1979.

Air

temperatures did not follow this trend as 1978 and 1979 mean
temperatures were equal while 1980 was 2.5°C higher.

These

sampling artifacts are evident in the bottom isotherms drawn
for the area (Figs. 5, 6 and 7).

In 1978 the longshore 6°C

isotherm was well inshore with an 8°C isotherm squeezed
between it and the coast.

Sampling in 1980, two weeks

later, indicated the absence of the 6°C isotherm and the 8°C
isotherm was further offshore.

Sampling in 1979, four weeks

later than in 1978, found the 8°C isotherm to be similarly
located as in 1980 but a 10°C isotherm had developed in the
inner, southwestern portion of the area.
The Nantucket Shoals faunal barrier was strong in 1978
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FIGURE 5. - Bottom isotherms for summer 1978.
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FIGURE 6. - Bottom isotherms for summer 1979.
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(10-18°C), moderate in 1979 (10-14°C) and weak in 1980 (12140C).

Three days separated the sampling dates between 1978

and 1979 but the 1980 date -..Tas eleven days earlier than in
1978.

Earlier sampling might be the cause of the weak

gradient in 1980, however the temperatures were as high as
in 1979 and air temperatures at this time in 1980 were
substantially higher than the preceeding years suggesting
that the weak faunal barrier in 1980 was real.
Middle Atlantic Bight sampling, in 1978 and 1979,
was basically concurrent with only one to three days
separation. However 1980 was sampled some two weeks
earlier, between 14 and 23 July.

The early 1980 bottom

temperatures averaged 13.4°C over the mid-Atlantic Bight
study area compared to 14.8°C for 1979 and 15.3°C in
1978.

Air temperatures did not follow this temporal

pattern but were warmest in 1980.

Longshore isotherms,

from less than 12°C offshore to more than 16°C inshore,
were evident in 1978 between Block Island, N.Y. to midNew Jersey where the 12°C isotherm moved offshore and an
inshore 18°C isotherm began.

These isotherms continued

south to Cape Hatteras with the exception of the 18°C
isotherm which disappeared against the coast just north of
Chesapeake Bay.

At Cape Hatteras the 14 and 16°C isotherms

changed direction to cross-shelf and became incorporated
into the thermal barrier.

The 1979 thermal regime was

similar except that the 14°C isotherm moved offshore just
south of Delaware Bay and the 18°C isotherm continued to
almost Oregon Inlet, N.C. where i t became cross-shelf in
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direction.

In 1980 the 14 and 16°C isotherms between

Nantucket Shoals and north of the inner Hudson Canyon Trough
were similar to previous years. However south of the Trough,
bottom water was substantially colder with a 10°C isotherm
paralleling almost the whole New Jersey survey area which it
bisected into inshore and offshore components.

A 12°C

isotherm developed off Cape May, N.J. and continued south
until moving offshore just north of Chesapeake Bay and a
14°C isotherm ran from northern DelMarVa Peninsula inshore
to offshore at Oregon Inlet.
At Cape Hatteras the faunal barrier was evident at
this time in all three years with gradients of 8, 6 and
8°C in 1978, 1979 and 1980 respectively.

Temperature

ranges at the barrier were similar in 1978 and 1980 at
16-24°C despite a two week offset in sampling time.
1979 temperature range was 18-24°C.

The

The barrier, during

these years, appears to have outlasted it's May demise as
predicted by Parr (1933) and others.
South of Cape Hatteras the sampling times in 1978
and 1979 were one day apart, whereas those of 1980 were up
to 19 days earlier. This may explain the relatively cooler
mean bottom temperature in 1980 (24.5°C) compared to 25.4
and 25.2°C in 1978 and 1979.

In 1978, between Cape Hatteras

and Cape Fear, the survey area was thermally divided into
three longshore regions by the 24 and 26°C isotherms.

A

small area of 28°C water was observed off the Cape Fear
River in bo·th 1978 and 1979, probably the result of river
runoff, however it was not observed in 1980, possibly due to
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sampling two weeks earlier than in the other years.

The

24°C isotherm, in 1979, followed the outer boundary of the
survey area

whereas 26°C water was only observed along the

coast for a short way just south of Cape Hatteras and then
again inshore from Cape Lookout to Cape Fear.

A similar

thermal regime existed in 1980, except that the 24°C
isotherm was more inshore than in 1979.

A thermal gradient

of 18-22°C, suggestive of an upwelling event, was observed
in 1980 off Onslow Bay, N.C.
Fall Sampling Periods and Bottom Temperatures
No samples were taken from eastern Nantucket Shoals
north in 1978.

In 1979 the Cape Ann-Cape Cod province

was sampled from 7-9 November and from 12-13 November in
1980, some four to five days later.

Lower mean bottom

water temperatures in 1980 (8.7°C) than in 1979 (9.7°C)
could be attributed, at least in part, to the later
sampling since air temperatures in November 1980 were
substantially lower than in 1979 (5.1, 1980 and 9.2°C,
1979).

A 10°C isotherm paralleled the coast inshore in 1979

from Cape Ann to Boston Harbor where it moved offshore to
meet the tip of Cape Cod.

In cooler 1980 only an 8°C

isotherm was present in the province and ran parallel to the
coast offshore.

Fall bottom isotherms are represented in

Figures 8, 9 and 10 for 1978, 1979 and 1980, respectively.
Seventeen days separated the sampling dates at
Nantucket Shoals in 1979 and 1980 (1 Nov. and 15 Oct.)
and the sampling artifacts, i.e. changes in thermal
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FIGURE 8. - Bottom isotherms for fall 1978.
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FIGURE 9. - Bottom isotherms for fall 1979.
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FIGURE 10. - Bottom isotherms for fall 1980.
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gradients, were indicative of fall overturning.

In 19SO,

a strong S°C thermal gradient was observed on the Shoals
(S-16°C); however in 1979 the faunal barrier was
basically absent with a gradient of only two degrees.
Fall overturning had probably occurred prior to sampling
in 1979, mixing the surface and bottom waters causing the
cooler, sub-thermocline water to warm.
Sampling in the Middle Atlantic Bight occurred
between 13-21 September in 197S, 22 September-S October
in 1979 and 27 September-2 October in 19SO.

Maximum

sampling seperation was 19 days between 197S and 1979 and
13 days between 197S and 19SO.

September mean air

temperatures for the Bight varied between the years
( 20.2°C, 197S;

16.3°C, 1979 and 22.1 °c, 19SO) and the mean

bottom temperatures followed this pattern (1S.S°C, 17.3°C
and 20.2°C respectively).

The Bight's thermal pattern in

197S consisted of several cross-shelf isotherms •

A 14°C

isotherm was observed from Nantucket Shoals Uo Block Island
where a cross- shelf 16°C isotherm was located.
Temperatures slowly increased to 1S°C at mid-Long Island and
increased further to the 20°C isotherm from inshore at
Atlantic City, N.J. to offshore south of Cape Henlopen, DE.
Two intrusions of cooler water from offshore into the survey
area were observed; one off Asbury Park, N.J. and the other
north of Atlantic City, N.J. with thermal gradients of >2°C
each.

These intrusions may be the inshore limits of

upwelling events.

The 22°C cross-shelf isotherm was located

off northern DelMarVa Peninsula, south of which temperatures
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decreased to 18°c at Cape Hatteras. From Chesapeake Bay,
water temperatures of 24°C declined rapidly to 18°C off
Oregon Inlet. In 1979, east of the Hudson Canyon Trough,
bottom isotherms were longshore, more like those of Summer.
The 14°C isotherm stretched from the Shoals to the apex of
the New York Bight and 16°C isotherm paralleled it offshore
from Fire Island, N.Y. to Asbury Park, N.J.

From the cross-

shelf 18°C isotherm just south of Asbury Park, water
temperatures increased to 22°C north of Cape Charles, Va.
Cold water intrusions onto the survey area were evident off
mid-New Jersey, DelMarVa peninsula and Oregon Inlet, the
latter two being substantial.

Homogeneous water

temperatures (16-18°C) characterized the survey area between
the Shoals and Asbury Park in 1980 and continued to increase
slowly with the 20°C cross- shelf isotherm at Atlantic City,
22°C off northern DelMarva and 24°C crossing the study area
just north of Hatteras.

As in 1979, cold water intrusion

was observed off Oregon Inlet.
Interestingly, the faunal barrier at Cape Hatteras
was well formed and strong with a thermal gradient of 8°C
when sampled on 8 September 1978 compared with the
barrier's non-existance in 1979 and 1980 when it was
sampled 13 and 17 days later respectively.

Magnuson,

et.al. (in prep.) report, however, that the strong
thermal gradient was very dynamic during October 1977 and
moved across the 30m depth contour at least twice in
three weeks.

This horizontal movement may explain the

barriers apparent non-existance in 1979 and 1980.
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South of Cape Hatteras bottom temperatures were basically
homogeneous between 24 and >26°C during all three years
with

mean bottom water temperatures of 26.8°C, 25.2°C

and 26.2°C closely following the mean air temperatures
(24.8°C, 23.8°C and 25.2°C) in 1978, 1979 and 1980
respectively, despite of up to a 17 day sampling offset.

Site Groups
Spring Cruises
Cluster analyses of the three spring cruises
produced groups of stations which were thermally, and to
some extent geographically (latitudinally), restricted.
There was no indication that bathymetry influenced any of
the groupings.
Site group I included sites between Cape Ann and
western Long Island, northern New Jersey and southern New
Jersey (1980, 1979, and 1978 respectively).

Bottom water

temperatures were 4°C at Cape Ann and about 6°C at the
southward extent of this group in 1979 and 1980.

In 1978

temperatures remained at 4°C throughout this group's
entire range.
During 1979 station group II was comprised of
stations between northern New Jersey (6°C) and just north
of Cape Hatteras (8°C) while in 1978 and 1979 cluster
analyses indicated two distinct groups .for this area
(station groups II and III).

In both years group II

extended southward to about mid-DelMarVa Peninsula, just
north of where the cross-shelf 6°C isotherm was located,
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while group III encompassed mid-DelMarVa to north of Cape
Hatteras and the 8° isotherm.
The last and most southerly groups (III in 1979 and
IV in 1978 and 1980) consisted of stations from north of
Cape Hatteras and the 8°C cross-shelf isotherm south
around the Cape to where sampling stopped.

In all years

the 14°C isotherm was reached at the southernmost
stations.
Three distinct station groups are evident in each of
the three years if groups II and III in 1978 and 1980 are
considered sub-groups and combined.

The existence of three

groups is further supported by the results of clustering the
three spring cruises together (Fig. 11).

Station group I of

the pooled analysis contained stations between Cape Ann and
southern New Jersey.

As was expected (from combining

cruises) there was more overlap between groups I and II as
II began off northern New Jersey and continued south to just
north of Cape Hatteras.

Little overlap was found between

groups II and III which was made up of the stations between
just north of Cape Hatteras and Cape Fear.
Day/night station occupations proved to be fairly
equal with 63/65, 65/58 and 34/29 for groups I, II and
III respectively indicating that the major groups were
not clustered by day/night catch differences.
Summer Cruises
Cluster analyses of the summer cruises produced five
station groups for each of the three years, however,
there was more thermal and geographical overlap by the
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FIGURE 11. Pooled site groups based on cluster analysis for spring
NMFS Groundfish Survey cruises, 1978-1980.
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groups.

Group I represents those stations at and north

of the thermal barrier

forming at Nantucket Shoals.

In

1978 group I extended from Cape Ann to the Shoals with a
temperature range of 6-12°C, to Marthas' Vineyard in 1979
and to Block Island in 1980 when the temperatures ranged
from 8-14°C in both latter years.
Group II began at the southern terminus of group I,
with some overlap, and continued to central New Jersey,
south of Delaware Bay offshore and southern New Jersey in
1978, 1979 and 1980 respectively.

Bottom temperatures at

the northern extent of this group were 12, 14 and 10°C for
each of the years.

In all years, however, group II had its

southern terminus in 16°C water.
The northern extent of station group III overlapped
with group II in each year by starting at temperatures of
12, 16 and 12°C.

Group III terminated during all years

at or slightly north of Cape Hatteras in temperatures
ranging from 16-20°C.
Between Cape Hatteras and Cape Fear the geographical
orientation of the groups changed from latitudinal to
onshore/offshore.

Depth could be a factor in this change

however, for this season at least, it was possible that
very strong (4°C) longshore thermal gradients were the
cause. Group IV represents the inshore stations between
Cape Hatteras and Cape Fear and group V the offshore.
Generally, group IV was inshore of the 26°C isotherm
except for north of Cape Lookout where some of the
stations were in 24°C water.

Most of the stations in
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group V were in water 24°C or cooler.
Pooled group I, obtained by clustering the summer
data of all three years together, was similar to those
obtained separately in that it consisted of stations from
Cape Ann to Block Island (Fig. 12).

Pooled group II was

also similar to separate groups II in that it included
the area between Cape Cod and Delaware Bay.

Pooled group

III was a ubiquitous group made up of stations from
Nantucket Shoals to Cape Hatteras.

Pooled groups IV and V

(Cape Hatteras to Cape Fear; inshore and offshore) were
similar to separate groups IV and V respectively.
Differences between catches made during the day and
at night probably did not affect the major groups,
although up to 20 more tows were made during the day than
at night in pooled group III (ie; 82 day tows vs. 62
night tows or 82/62).

Day/night tows for summer pooled

site groups I, II, III, IV, and V were 21/31, 24/35,
82/62, 22/30, and 44/32 respectively.

Wenner et. al.

(1980) have shown that day/night differences in the
availability of certain species to trawls can affect
cluster analyses.
Fall Cruises
In 1979 and 1980, when bottom water temperatures
between Cape Ann and Cape Cod were 10 and 8°C
respectively, sample group I was restricted to stations
located north of Cape Cod, indicating that the Nantucket
Shoals faunal barrier was present and effective at this
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FIGURE 12. Pooled site groups based on cluster analysis for summer
NMFS Groundfish Survey cruises, 1978-1980.
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time.

No sampling north of the western Shoals was

accomplished in 1978, thus the 1978 group I overlaps with
groups II and III of 1979 and 1980 in that it includes
stations between the western Shoals and southern New
Jersey (temperature range 14-20°C).

Groups II,

terminating at mid-Long Island and Marthas' Vineyard in
1979 and 1980 respectively, were distinct from groups III of
the same years which represented stations from the southern
extent of groups II to Delaware Bay and mid-DelMarVa
Peninsula offshore.

Temperature appears to be the main

factor associated with the separation of groups II and III
in both 1979 and 1980.

In 1979 a 14°C longshore bottom

isotherm off Long Island thermally separated the area into a
cooler inshore and warmer offshore component, which helped
create the latitudinal overlap of groups II and III.
Temperature also accounted for the distinction between
groups II and III in 1980.

Group II ended at Marthas'

Vineyard in 16°C water where III began.

The southern

terminus of group III in both 1979 and 1980 was in >18 and
20°C water respectively, similar to the temperature of group
I in 1978.
Group II of 1978 and groups IV of 1979 and 1980, to
which it is analagous, all had their southern extent at
Cape Hatteras and similar temperature ranges (20-24, 1822 and 20->24°C for the years respectively).

The faunal

province between Cape Hatteras and Cape Fear clustered
into inshore (6 to 17m) and offshore (18 to 27m) groups
as it did in summer, however in this season, when the
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26°C isotherm appeared to "wander" from year to year (ie.
longshore and incomplete one year, cross-shelf the next),
depth became the dominant factor in causing the two
groups to cluster as they did.

This is supported by

Wenner et.al. (1979c) who reported that, for the South
Atlantic Bight, depth is more important than latitude in the
cluster analysis of faunal assemblages.
Cluster analyses did indicate differences due to
day/night sampling in sub-groups, especially south of
Cape Hatteras where Anchoa hepsetus dominated inshore and
Decapterus punctatus dominated catches offshore, however
the major groups, in merging the sub-clusters, removed
this influence.
Five major site groups resulted from analyzing the
pooled fall data (Fig. 13).

Pooled group I was similar

to separate groups I in that it contained those stations
between Cape Ann and Cape Cod.
ranged between 8 and 10°C.

Bottom water temperatures

Group II merged stations from

separate group I (1978) and separate groups II and III
(1979 and 1980) and terminated around the offing of
Delaware Bay in water temperatures between 19 and >20°C.
Pooled group III, from inshore at the Hudson/Raritan
estuary to Cape Hatteras, overlapped with group II the
entire length of the New Jersey coast where bottom
temperatures were between 18 and 20°C.
southern terminus in water around 24°C.

Group III had its
South of Cape

Hatteras to Cape Fear pooled groups IV and V were similar
to the separate groups representing this area in that an
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FIGURE 13. Pooled site groups based on cluster analysis for fall
NMFS Groundfish Survey cruises, 1978-1980.
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inshore and an offshore group was distinguishable.
Day/night sampling was equivalent for all the major
groups although some of the sub-groups did cluster by
differences in day/night tows.
Combined Cruises and Seasons
Six station groups were obtained by analyzing all
stations together, regardless of season or cruise (Fig.
14).

Group I was comprised of those stations between

Cape Ann and Cape Cod during all three seasons indicating
that this area was inhabited by the resident boreal
species responding to the annually cooler temperatures,
not seasons.
37/39.

Day/night sampling was practically equal at

Groups II and III both consisted of only spring

stations and exhibited some day/night sampling bias as
group II was sampled 21 more times at night than in day
(37/58) and group III was sampled 16 more times during
the day than at night (67/51).

Group II began at the

western Shoals and continued to about the northern New
Jersey coast, although eight additional stations were
scattered south to off Delaware Bay.

This group is

somewhat analagous to the southern portion of pooled
spring group I in which stations were occupied 50 times
during the day and 55 times at night.

Group III

overlapped with II by starting off western Long Island
and continuing south to Cape Hatteras. The geographical
range of group III was similar to that of pooled spring
group II and the day/night tow ratio was also similar
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FIGURE 14.

Pooled site groups based on cluster analysis for spring,
summer and fall NMFS Groundfish Survey cruises, 1978-1980.
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(67/51 for the combined cruises and seasons, 65/58 for
pooled spring group II).

The equality of day/night

sampling obtained by merging groups II and III (104/109)
and overlap along the New Jersey shelf tempted the pooling
of these two groups, however, nodal analyses indicated that
these groups were faunally different (Fig. 18) and therefore
they were treated separately.
Station group IV a large, ubiquitous group
consisting of stations .between eastern Nantucket Shoals
and Cape Fear, encompassed all three seasons (although
spring was much less represented than summer or fall, and
then mainly south of Cape Hatteras).

Group IV consisted

of three sub-groups which clustered, to a large extent by
day/night sampling differences, ie; 83/119, 127/36 and
43/124.

As these sub-groups overlapped geographically

and nodal analyses indicated only very minor faunal
differences they were merged to form Group IV with a
resultant, relatively near-equal day/night sampling
occurrence (253/279).
Groups V and VI clustered between Capes Hatteras and
Fear (inshore and offshore respectively) but consisted
only of stations sampled in the summer and fall when the
thermal faunal barrier at Hatteras was not in place.
Day/night sampling was even for group V at 61/59 but
skewed toward daytime sampling in group VI (79/49).
Species Associations
Four species clusters were recognized for the 1979
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and 1980 spring cruises whereas only three were apparent
in 1978 when the areas north of Cape Cod and south of
Cape Hatteras were not sampled.

These individual analyses

generally reflected the same species groups derived by
clustering the pooled spring cruises (Table 2).

During the

summers, species groups became slightly more numerous at 5,
5 and 6 for 1978, 1979 and 1980, respectively, due to the
northward and onshore migration of the more southern
species.

The pooled summer cruises clustered similarly to

the individual cruises in creating five major species
groups.

The species constituency of each pooled summer

group was more variable than the pooled spring groups.
Species groups for the individual fall cruises numbered six
for each year (the boreal group north of Cape Cod at this
time of year was missing for 1978 as the area was not
sampled).

With the arrival of even more warm

~emperate

species into the Middle Atlantic Bight during the fall, the
basically warm temperate groups (C - F) were larger and more
variable than in summer.

Pooled fall cruise analyses

reflected the six species groups of individual falls.

Six

species groups were also derived by analyzing all 9 cruises
together.

Combined groups A, B and C reflected the major

recurrent species which constituted seasonal groups A, B and
C (Table 2). Combined groups D, E and F did not, however, as
these groups were highly variable among seasons.
The major recurring species groups are listed by
season in Table 2.

Macrozoarces american.us, Limanda

ferruginea, Gadus morhua and Hemitripterus americanus all
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1ABLE 2. Major recurrent seasonal species groups, Cape Ann, Massachusetts to Cape Fear, North Carolina inshore of 27m., 1978-1980.
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occurred in pooled species group A during all three seasons.
During summer and fall Squalus acanthias relocated from
spring warm temperate group C to group A, an all boreal
group.

Pooled species group B included Pseudopleuronectes

americanus, Raja erinacea, Merluccius bilinearis and
Urophycis chuss, all boreals, during the three seasons.
Scophthalmus aquosus, which clustered with group B in the
spring moved to warm temperate group C in summer and fall
and was replaced in group B by another warm temperate
species Paralichthys oblongus.
Warm temperate groups became seasonally more
variable as the ubiquitous southern species moved north
following preferred isotherms.

Paralicthys dentatus was the

only species occurring consistently in group C throughout
all seasons.

In spring this species was joined by warm

temperate species Etropus microstomus and Urophycis regia,
the boreal Lophius americanus and the pelagic Anchoa
mitchilli.

Group D, during the spring, consisted of

Peprilus triacanthus, Mustelus canis, Leiostomus xanthurus,
Cynoscion regalis and Lagodon rhomboides, all warm temperate
species.
In summer Paralicthys dentatus was joined in group C
by Peprilus triacanthus and Mustelus canis, from spring
group D, and Scophthalmus aquosus from spring group B.
Leiostomus xanthurus and Cynoscion regalis remained in
group D during the summer where they were joined by
Stenotomus chrysops, Pomatomus saltatrix, Synodus
foetens and the pelagic Opisthonema oglinum, none of
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which were found in the spring.

Species classified in

group E were also unsampled during the spring.

Beside

the demersals Menticirrhus americanus, Porichthys
p~ectrodon,

Diplectrum formosum and Ophididae

~

several pelagic species were represented in group E.
In the fall, Peprilus triacanthus and Paralicthys
dentatus were joined by species from summer group D, i.e.
Stenotomus chrysops, Leiostomus xanthurus, Cynoscion
regalis and Pomatomus saltatrix.

Fall group D, a mix of

demersal and pelagic species, appeared only to have
rarity in common.

Lagodon rhomboides, Orthoprista

chrysoptera, Larimus fasciatus, Menticirrhus saxatilis
and Rhizoprionodon terraenovae were all classified
together in group E.

These species, along with the

pelagics Opisthonema oglinum, Scomberomorus maculatus,
Chloroscombrus chrysurus, Caranx fusus and Peprilus
alepidotus, occurred for the first time (with the
exception of 0. oglinum) in the analysis indicating the
movement of these warm temperate (possibly sub-tropical)
species north.

Centropristis striata, Prionotus

carolinus, Synodus foetens and Diplectrum formosum from
summer groups C, D and

E,

as well as

Cala!!_!~~

.!eucosteu_§

clustered in fall groupE where they were joined by the
thermophilic pelagics Decapterus punctatus, Sardinella
aurita, and Monocanthus hispidus.
When the 9 cruises were analyzed together, group A
consisted of the boreal demersals

~

ferruginea, M.

americanus, G. morhua, H. platessoides and H. americanus.
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Group B was represented by the boreals
erinacea,

~

bilinearis,

aguosus, all demersals.

u.

~

americanus, R.

chuss and the eurythermal S.

The core of group c, all warm

temperate species, remained the same as that of the fall,
with the exception of
B.

~

aguosus being classified with group

Also as in the fall, group D species, several of which

entered the analyses for the first time, had only rarity in
common.

Group E, also all warm temperate species, was

similar to fall group E but only

~

oglinum represented the

pelagics; Menticirrhus americanus entered the analysis for
the first time.

Combined group F, with the addition of

Haemulon aurolineatum, was the same as fall group F (group F
only existed in the fall).
Table 2 lists the seasonal major recurrent species
groups discussed above.

The groups are orientated north

to south, i.e. cool to warm, in the same manner as the
generalized site groups.
Nodal Analyses
The interrelationships between pooled site and species
groups are depicted in nodal diagrams for spring, summer
and fall (Figs. 15, 16 and 17 respectively).

Species

group A had moderate constancy and fidelity with site
group I but very low constancy and negative fidelity with
site groups II and III respectively in the spring when
low temperatures persisted south of Cape Cod.

In summer and

fall this species group became restricted to north of Cape
Cod with moderate and high constancy with site group I
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FIGURE 15. Nodal constancy (A) and fidelity (B) diagrams showing
the inter-relations between pooled site and species
groups, NMFS Inshore Groundfish Survey spring cruises,
1978-1980.
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FIGURE 16.

Nodal constancy (A) and fidelity (B) ·aiagrams showing
the inter-relations between pooled site and species
groups, NMFS Inshore Groundfish Survey summer cruises,
1978-1980.
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FIGURE 17. Nodal constancy {A) and fidelity (B) diagrams showing
the inter-relations between pooled site and species
groups, NMFS Inshore Groundfish Survey fall cruises,
1978-1980.
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respectively.

During the spring, boreal group B was

ubiquitous between Cape Ann and Cape Hatteras but not very
faithful to any of the site groups.

This group, in summer

and fall, became highly constant and faithful with site
group I.

Warm temperate group C, included 2 boreal species,

Squalus acanthias and Lophius americanus, in the spring.
This group had low or very low constancy with all site
groups in the spring but increased to moderate constancy
with site group II during the summer and then became
ubiquitous throughout all 5 site groups in the fall.
Constancy changed from low to moderate to high for site
groups I, II and III, then decreased from high to low (for
groups IV and V).

In all seasons this group had low or

negative fidelity with all site groups.
Species group D had very low constancy and negative
fidelity with site groups I and II during all seasons.
In spring, group D was moderately constant and very
highly faithful to site group III.

During the summer,

however, group D maintained very low constancy and
negative fidelity with group III while it exhibited high
constancy and fidelity with site group IV and low
constancy and fidelity with site group

v.

Group D, in

the fall, had very low constancy with all site groups
except for group III where the constancy was low.
Similarly, i t had low or negative fidelity in all fall site
groups.
Group E, absent in the spring, had very low
constancy with all the summer site groups except for
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group IV where it was low.

This group was moderately

faithful to groups IV and V and had negative fidelity
with the other summer groups.

The constancy of group E

during the fall was similar to that of summer except that
it was moderately constant with and faithful to site
group V.

Species group F was only present in the fall

season when it was moderately constant and had very high
fidelity with site group IV.

Nodal analyses of the 9

combined cruises merged the above into a single diagram
(Fig. 18).

Species group A had moderate and low

constancy with site groups I and II respectively and
maintained very high and moderate fidelity with these
sites (which makes ecological sense).

Group B, boreal

but less cryophilic than A, had constancy which was
moderate with group I, very high with II, high with III,
low with IV and very low with groups V and VI.

Group B

had low fidelity with site group I but was moderately
faithful to site groups II and III.

Warm temperate group

C was moderately constant with groups IV and V where it
had only low fidelity and maintained low or very low
constancy and negative fidelity with the other site
groups.

Rarity was the commonality which clustered the

species in group D as this group had very low constancy
and low or negative fidelity with all site groups.

Group E

maintained low and moderate constancy with the inshore (V)
and offshore (VI) site groups south of Cape Hatteras with
moderate and high fidelity respectively.

Species group F,

the most thermophilic of the groups, had very low constancy
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FIGURE 18. Nodal constancy (A) and fidelity (B) diagrams showing
the inter-relations between pooled site and species
groups, NMFS Inshore Groundf~sh Survey, spring, summer
and fall cruises combined, 1978-1980.
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and negative fidelity with all site groups except group
from which the highest temperatures were recorded.

v

Group F

had moderate constancy and very high fidelity with this
group.
Dominance
Tables 3, 4 and 5 indicate the numerically dominant
species for the pooled spring, summer and fall site
groups, resectively.

The dominant species determined by

combining all cruises are given in Table 6.
Pseudopleuronectes americanus was the most abundant
species in site group I during the spring and summer and
among the numerical dominants at this site group in the
fall.

When all cruises were combined this species was

also the dominant in group I and among the top three
dominants in group II, the others being Raja erinacea and
Scophthalmus aquosus.

Limanda ferruginea and Gadus

morhua were among the dominant species during all seasons
in site group I, as was Merluccius bilinearis.
Merluccius bilinearis was also a dominant in site group
II during the summer but not in the fall when bottom
temperatures were at the maximum.

Urophycis chuss, a

cohort of M. bilinearis, was a dominant in site group II
during the spring and in the more northern group I in summer
and fall.
Squalus acanthias, identified by Colvocoresses and
Musick (1985) as a dominant in all their site groups
during the spring but restricted to cooler groups in the
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TABLE 3. Dominant species by site groups for all NMFS Spring Groundfish Survey cruises combined, 1978-1980. A species was
considered a dominant if it occurred in at least 20% of all stations in a site group and the average per·centage the
species contributed towards total abundance within the site group was equal to or greater than 2.0%. Figures given
are percentage of stations within each site group at which a species occurred (%) and the average percentage that
the species contributed towards that abundance of fishes ( x%) within the site group. Faunal affinities and species
groups are as given in Table 2.
SITE GROUP
Faunal
Affinity

Species
Group

I
~

;c,

~

II

x%

III

~

x%

Gadus JII?J'1uM:I
Lillanda f fn'J'IIginsa.
Nyo:t:OCBphalus CMtodoesmspinosus
llacJooaoaJ'CBB

tiiiJ8JOicanus

Raja Bl"inaeea
SeaphthallrauJ aquosus
Ps61111opleul'onset;us tiiiJ8JOicanus

Clupea ha7'B1IgUB ha7'B1IgUB
Alosa pseudohaJotmgus
UJ'ophyei.s chUBs
Nwluccius bi:tinsa.ns

UJ'ophyei.s J'6gia
Anchoa 'lllitchitli
ltwrtslus canis
Pll'pf'i.lus ~
Cynoscion Hgalis

LsioBtolralB =mthurous

Bo
8o
Bo
Bo
8o

WT

A
A
A
A

45
60
72
66

8

82 14.0
85 8.3
93 13.0
73 13.2
72 6.7

Bo
Bo

8
8
8
8
8
8

WT
WT.P

c
c

WT
WT,P
WT
WT

D
D
D
D

8o

Bo,P
WT.P

49

3.9
2.8
2.4
2.6

4.2

56

85

3.5
7.3

51 5.9
79 5.4
67 6.3
78 13.1
33 2.8
28 12.7

67 13.4
40 14.8
70 6.2
79 12.6
59 8.8
68 15.8
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TABLE 4. Dominant species by site groups for all NHFS Summer Groundfish Survey cruises combined, 1978-1980. A species was
considered a dominant if it occurred in at least 20% of all stations in a site group and the average percentage
the speci~s contributed towards total abundance within the site group was equal to or greater than 2.0~. Figures
given are ~ercentage of stations within each site group at which a species occurred (%) and the average percentage
that the species contributed towards total abundance of fishes ( x%) within the site group. Faunal affinities
and species groups are as given in Table 2.
SITE GROUP
Faunal
Affinity
llBianogroanrr&uJ asgtefinus

Littrmtla [B1'1'1lgl7UIQ.
Squatus acanthias
Cadus IIJOP1wa
Hippogtossoidee platsssoidss

Bo
Bo
Bo
Bo

Bo
Bo,P

Cl.upea 1ftrt.tmgus 1ftrt.tmgus
Aimtodgtes spp.

80

Haja.mnaua

Bo
Bo

PaPO.tiehthys oblongus
llwtueaius biti71Btl1'i.B
PsBIII1op1.fnnoansctBB l%lll6"l"ictmuB
UJoqphycis chuBs

Bo

Bo
Bo

Species
Group
A

A
A
A
A
A
A

B
8
8
8
8

WT
Eu
WT,P
WT,P
WT
WT

c
c
c
c
c
c

WT,P

Hast111.l.mt aznootineatum

WT,P
WT,P
WT
WT,P
WT,P
WT
WT,P
WT

D
D
D
D
D
D
D
D
D
D
D

~

WT,P

E

lluBtBtus ClllliB
Seophthalnul aquDBUB
PBpl"i.tus t1>iaccmthus
EtPu1rlt1uB tBPBs

lh'ophycis Ngia
Proicmotus earooti7JIUJ
Anchoa hepsetus
Cyrwseitm f'B!Pl.is

LBiostonur :mnthznous
Anchoa llfitehitti
Chlorosaoninous eheysrrt'US
StfmotOIIIUI eheysops
DBcapterous plliiCtatus
NOI'IIlCtUithus hispidus
Synodus [OB1:tms

Stri'di718l Za IDIJ"ita
Zathami

WT

WT

I
I

x%

37 2.7
65 fi.1
65 20.5
60 3.0
48 7.5
25 3.3
33 8.7

71 10.8
92 18.2
4.8
58

35

2.0

II
I

x%

s

III

x%

s

IV

x%

s

v

x%

32 19.4
54
42
36

47

2.5
4.0
2.6
2.0

63 3.2
75 12.5
85 41.2
20 2.8

97 56.5
43 8.7
37 2.8
44
2.5

40

5.5

32 7.9

69
73
94
29
40
98

32.2
4.9
5.9
14.5
2.1
25.1

77

2.1

93
88
63
59
61
39

40.4
25.9
2.9
2.1
3.4
3.0

33 2.8
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TABLE 5.

Oominant species by site groups for all NMFS Fall Groundfish Survey cruises combined, 1978-1980. A species was
considered a dominant if it occurred in at least 20% of all stations in a site group ancl the average percentage the
species contributed towards total abundance within the site group was equal to or greater than 2.0'1\. Figures
given are percentage of stations within each site group at which a species occurred ('!:) and the average percentage that
the species contributed towards that abundance of fishes (i,;) within the site group. Faunal affinities and species
groups are as given in Table ?..
SITE GROUP

Faunal
Affinity
Nsl<mo~ asg1.gfi7WB
Linmrda f-..uginsa.
r1Jooph1/eis tmDlio
AZosa pssudoha1'mrgus
HippogZossoidBs p1.atsssoidBs
NamooBOtri"C8B tl1IIB"i"lcanuB
Gadus III01"hua
squa.tus actDfthias

Bo
Bo

Raja et>i:nacsa

Bo
Bo
Bo
Bo

Pssudoplmnoonectss tl1IIB"i"lcanuB
NBJ01.Jmeius bi.tinsa.ns
U1'oph1/eis chuBs
ScophthallflllB tzqUOBUB
Nustelus eanis
P6pf'ilus t1'iactDfthus
Stenotomus chf'ysops
Cynoscifm Ngtzl.is
LBiostofnus :ranthu1'us

1t£croopogorrias tmdulatus
BngPauU&zs
Et1'umsus tSJ06B
'l'rac1unous lat;N:mri.
Anchoa hspsetus
Anchoa mitchitti

Eu
Bo
Bo
Bo
Bo
Bo

Species
Group
A
A
A
A
A

A
A

8
B
B
B

WT,P
WT
WT
WT
WT
WT,P
WT,P

0
0

Eu

WT,P

,;

II

x%

III

s

;c,;

IV

s

;c,;

21

4.7

0
0

llonacanthus hispidus
SynodwJ foettmB
Dscapte1'UB punctatus
St:rrodinsl1.a tzJlf'ita
HtziRIIIlZon tzllJ'OZineatum
PJoionotus caf'Oti7Uls

WT,P
WT
WT,P
WT,P
WT
WT

E
E
E
E
E
E

Opist;honetru. ot.ignum
Lagoden 1'homboidss

WT,P
WT

F
F

;c,;

2.0

72

8.9

56
84

5.1
4.6
22.7
14.4

42 4.2
79 8.6
89 16.2
95 9.2
42
79

77

36

83 7.2
63 14.6
76 8.4
86 18.3
64 2.8

98 15.2
98
86

12.4
5.5

22 10.6
30 3.2

21

15.1

10.5

57

26.1

18.1

26 4.0
33 22.3

24

89 33.1

35

D

WT,P
WT,P

v

s

53 2.8
89 13.9
74 2.6
74 2.9
79 13.3
79 2.8
79 4.6

A

c
c
c
c
c
c
c

WT

I

s x%

5.4

7.3
71
60 2.0
82 26.2
60 4.6
51 4.5
43 3.8
88

66

5.5
2.2
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TABLE 6. Dominant species by site groups for all NMFS Spring, Summer and Fall Groundfish Survey cruises combined, 1978-1980. A
species was considered a dominant if it occurred in at least 20% of ull stations in a site group and the average
percentage the species contributed towards total abundance within the site group was equal to or greater than 2.0%.
Figures given are percentage of stations within each site group at which a s~ecies occurred (%) and the average
percentage that the species contributed towards total abundance of fishes ( x%) within the site group. Faunal affinites
and species groups are as given in Table 2.

SITE GROUP

Gadus IIIOI4wa
Lilranda flm"llgi7180.
Jlamoo1UJtl1'CBB ~
Hippoglossoi.dss platBBsoi.dss

RaJa Br"i:nacsa
PsBIIIlopt.ezn.onsetBB fJ1fiiTf>i.=nuB
Seophtha.lmus aquoBUS
lhoophycis chwJs
IIBr"luccius bili718tr1"is
Ptrpi.lllB tJoi4cant1um
stBnotorrwJ ehroysops
lfimoopogoni4s undulatllB

LB'ioatoam :rant1unous
Cynoscion 7'6gfllis

Faunal
Affinity

Species
Group

1

xx

Bo
Bo
Bo
Bo

A
A
A
A

71
84
72
71

7.0
8.9
2.1
10.1

Bo
Bo

8
8
8
8

36 3.8
88 16.3

Eu

Bo
Bo

WT,P

wr

wr
wr
wr

8

c
c
c
c
c
E
E
E

Calamus leucostsJIB

WT,P
WT,P
WT,P
WT,P
WT

Opi.81ihorumn ogli1DIIII

WT,P

F

1101ttZCtZ11t1uls hispidus
~pzmctatus

SaJ'di718lla allJOita
2'Joac1unous lm:hami.

I

66 5.5
78 11.0
26 2.5

II
1

xx

III
I i%

IV
1

xx

v
I

x%

VI
1

xx

70 2.7
71 3.0
98
98
99
56
54

16.5
13.6
10.4
2.1
5.5

53 3.1
87 7.0
65 6.4
83 12.7

54

3.3

82
47

28.1
8.0

31
40

6.7
3.6

99 23.8
64 2.9
91 8.1

91 37.4

68

58

2.5

77

3.3

E

E

87
62
30
43

5.3
27.7
4.3
3.4
3.7

70

fall, was not a dominant species in this study until the
summer when it was associated with site group I.

Squalus

acanthias was not a dominant species in site group I during
the fall and was only minimally dominant during this season
in site group II.

When the cruises were combined S.

acanthias was not a dominant species.
The pelagic species Clupea harengus harengus and
Alosa pseudoharengus were among the most abundant
dominants in site groups I and II during the spring.

In

summer Clupea harengus harengus was a minor dominant and
then only in site group I.

Alosa pseudoharengus was not

an abundant species during the summer, however, it
reappeared as such in site group I during the fall when
~

h. harengus was not a dominant.

Neither of these

pelagic species qualified as numerical dominants when the
cruises were combined.
Warm temperate species Peprilus triacanthus and
Mustelus canis were the most abundant dominants in site
group III in the spring and summer
them.

when~

aguosus joined

In the fall these species were dominant in site

group II.

P. triacanthus was also a numerical dominant

in site groups I and III during the fall.
Leiostomus xanthurus, the third most abundant
species in the spring at site group III, became the
second most abundant dominant for group IV in summer, and
the numerical dominant in groups III and IV in the fall.
Stenotomus chrysops, not a numerically dominant species
in the spring was the dominant in site groups IV and V
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during the summer and fall.

~

chrysops was also a

dominant in site group I II in the summer and groups II
and III in the fall as the bottom temperatures rose.

The

warm temperate pelagic Decapterus punctatus was the
second most abundant species in group V in summer and
fall.
When the cruises were combined the flounders,
americanus and

~

~

ferruginea were the most abundant

dominant species in cold site group I.
Pseudopleuronectes americanus was also a numerical
dominant in site group II, along with
aquosus.

Scophthalmus aquosus,

u.

~

erinacea and

chuss and

s.

~·

bilinearis were the three top dominants in site group
III.

The two latter species and

~

erinacea were the

only species represented among the dominants in site
groups I, II and III, all groups from relatively low
temperatures.

Peprilus triacanthus was by far the most

abundant species in combined site group IV, with the
eurythermal
V had

~

~

aquosus a distant second.

Combined group

chrysops as the numerical dominant (as did

combined group VI) and

~

xanthurus was second.

The warm

temperate pelagic Opisthonema oglinum was the third most
abundant species in group

v.

Decapterus punctatus was the

second most abundant species in combined group VI.
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DISCUSSION

Analyses of individual inshore groundfish cruises
between Cape Ann, Me. and Cape Fear, N.C. during spring,
summer and fall of 1978, 1979 and 1980 indicated
variations in community composition and distribution,
species dominance and associated thermal regimes.
Variations among seasons were to be expected, however,
such variations within the same seasons among different
years made interpretation of the analyses complex.
Pooling of the catch data by season for the three years
generally yielded site and specie group patterns similar
to individual years.

Moreover, pooling smoothed inter-

annual variations enough to produce obvious zoogeographic
patterns.

Nodal analyses confirmed the distinct

relationships between the species and site groups
determined by cluster analysis.
Cluster analysis of the pooled spring cruises
indicated the presence of three site groups and four
species groups, the pooled summer and fall cruises had
five site groups each and five and six species groups
respectively.

Vernal warming resulted in an addition of

two site groups in summer and fall as spring groups I and II
moved northward and were replaced by the new group III, and
spring group III (south of Cape Hatteras) became
72
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longitudinally divided into inshore and offshore site groups
IV and V respectively (Figs. 11, 12 and 13 ).
Cluster analysis of the combined seasonal cruises
produced six station groups, delineated by season as well
as geographic position (Fig. 14).

Site group I was

restricted between Cape Ann and Cape Cod during all
seasons, group II between Cape Cod and northern New
Jersey only in spring, and

group III reached from

western Long Island to Cape Hatteras only in spring.
Group IV was a ubiqui taus group from Nantucket Shoals 'to
Cape Fear in summer and fall, although some spring sites
were represented.

This group of sites indicated that the

Cape Hatteras faunal barrier was not effective at this
time of year (in accordance with Parr 1933), however,
site groups V and VI were restricted to south of Cape
Hatteras.

The six species groups of the combined

analyses generally reflected the species groups of the
fall with the exception of group D which appeared to have
only rarity in common.
Highly cryophilic species group A was tightly
restricted to site group I throughout the seasons in water
of 4-10°C.

This boreal group was the most consistent in

its composition of all the groups with Limanda
ferruginea, Gadus morhua, Hemitripterus americanus and
Macrozoarces americanus occurring together during all
seasons.

Only in summer and fall did Squalus acanthias

enter this group; in the spring, during its northerly and
onshore migration S. acanthias occurred with species group
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C.

Colvocoresses and Musick (1985) reported the

cooccurrence of
offshore group.

s.

acanthias and L. ferruginea in their fall

Squalus acanthias is found north of Cape

Cod only in the warm seasons of summer and fall (Bigelow and
Schroeder 1953, Grosslein and Azarovitz 1982) and migrates
offshore and south in winter (Colvocoresses and Musick 1980)
where this species is a nuclear member of the spring
ubiquitous offshore group reported by Colvocoresses and
Musick (1985).

During the spring, when the Nantucket Shoals

faunal barrier was absent, species group A was distributed
between Cape Ann and southern New Jersey.

With warming and

the establishment of the faunal barrier, this group became
restricted to the Shoals and north in summer and fall.
Limanda ferruginea and G. morhua, nuclear members of this
group, have been reported to move north and east from their
New York Bight and southern New England winter grounds as
the waters warm in the spring (Bigelow and Schroeder 1953,
Grosslein and Azarovitz 1982).

The other members of species

group A, H. americanus and M. americanus have different
responses to vernal warming of bottom waters.

Hemitripterus

americanus has been reported by Bigelow and Schroeder (1953)
to move offshore in spring and its preference for inhabiting
rough substrates, generally unavailable to sampling by
trawl, may be why it is not represented among the most
abundant species in this group.
Grosslein and Azarovitz (1982) described M.
americanus to apparently move north or offshore in
summer, but also they suggest that in summer this species
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inhabits areas unavailable for sampling by trawls (wrecks
and boulder fields for example).

Concentrations of M.

americanus have been observed closely associated with
wrecks in the New York Bight du1·ing summer and early fall
(W. C. Phoel personal observation).
Boreal group B was not as cryophilic as group A
since it ranged between Cape Ann and Cape Hatteras in the
spring but was just as constant in its composition.
Pseudopleuronectes americanus, Raja erinacea, Merluccius
bilinearis and Urophycis chuss, occurred together during
all seasons and were its core members.

The nodal

diagrams (Figs. 15-17) illustrate the northward
concentration of species group B as the seasons progress
from spring to fall.

By fall, when the Nantucket Shoals

faunal barrier has been intact for sometime, this group
is highly restricted (in the coastal zone) to north of

the Shoals.

Limited winter onshore and summer offshore

migrations have been reported for the nuclear members of
species group II and these migrations are of greater
magnitude in the southern extent of this assemblages range
than north of Cape Cod where migrations are minimal (Bigelow
and Schroeder 1953, Musick 1974, Gross1ein and Azarovitz
1982).

Through either migration or behavioral changes which

make them uncatchable by trawls west and south of the
Shoals, the species of group II are represented in coastal
waters during summer and fall only north of the Nantucket
Shoals faunal barrier where the bottom waters are relatively
cool all year.
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The eurythermal species Scophthalmus aquosus
occurred with group B in the spring but was associated
with warm temperate group C in summer and fall, when it
was replaced in group B by the warm temperate
Paralichthys oblongus.

The association of

s.

aquosus

with species groups which had moderate or high constancy
with site groups in the mid-Atlantic Bight makes
ecological sense as this species has been described by
Bigelow and Schroeder (1953) as being endemic to the New
York Bight and exhibiting no major patterns of seasonal
migration.
Group C was less stable in its species composition
through the seasons with only Paralichthys dentatus
present in all three.

Paralichthys dentatus migrates

inshore in spring and offshore in fall according to
Bigelow and Schroeder (1953) and Grosslein and Azarovitz
(1982).

These migrations probably decrease in magnitude

toward the southern extent of this species range and
therefore these animals reside in the coastal zone south
of Cape Hatteras for a good portion of the year.

This has

been shown to be the case for P. dentatus in the South
Atlantic Bight south of Cape Fear, as Wenner et. al. (1979
a, b, c, d, and e) report catches of this species inshore of
27m during all seasons, albeit not in large numbers.
this study

~

In

dentatus was collected in maximum through

minimum bottom water temperatures (early spring - late fall)
but, as above, this species was never a numerical dominant.
Group C was primarily a warm temperate group with
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the boreal species S. acanthias and Lophius americanus
occurring only in the spring.

In summer and fall P.

dentatus was joined by Peprilus triacanthus and S.
aguosus while the other species in the group
(Centropristis striata and Prionotus carolinus for
example) changed seasonally, being replaced in the fall
by the numerical dominants Stenotomus chrysops, Cynoscion
regalis and Leiostomus xanthurus, all warm temperate
species.

Peprilus triacanthus is widely dispersed over the

shelf in the warmer seasons and aggregates on the shelf edge
in winter (Grosslein 1976, Colvocoresses and Musick 1985).
The migratory pattern of this species is not as extensive
south of Delaware Bay as there is some north and south
migration in the shoal water (Murawski et. al. 1977,
Grosslein and Azarovitz 1982).

Murawski et. al. (1977) also

report that south of Cape Hatteras there is no strong
inshore-offshore migration.
describe

~

Grosslein and Azarovitz (1982)

xanthurus as migrating in late fall to the south

and offshore, where they are found south of Cape Hatteras in
winter. Small individuals of this species have been taken in
shallow water off Beaufort, N.C. in winter (Hildebrand and
Schroeder 1928).

Like P. triacanthus and

~

xanthurus,

Stenotomus chrysops has a southerly component to its
offshore migration in winter, especially in the northern
portions of the mid-Atlantic Bight (Morse 1978), and have
been reported by Bigelow and Schroeder (1953) to winter
offshore of Virginia and northern North Carolina.

Group C

was distributed between southern New Jersey and Cape Fear
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during the spring, evidently easily transiting the 6°C
change (8-14°C) at the Cape Hatteras thermal barrier.

In

summer, group C was primarily distributed between southern
New Jersey and Cape Hatteras (site group III) although
members of this species group were present also in the
inshore site group south of Cape Hatteras (IV).

By fall

group C was ubiquitous throughout all five sites in an
almost normal distribution centered about site group III.
Species group D was comprised of

~

triacanthus, L.

xanthurus, Cynoscion regalis, Lagodon rhomboides and
Mustelus canis in spring when it was completely restricted to
south of Cape Hatteras.
numerically
~

d~minant

chrysops and

~

All except L. rhomboides were

in the spring.

Peprilus triacanthus,

xanthurus have already been described as

wintering south of Cape Hatteras during the cooler months so
their presence in this species group is ecologically sound.
Cynoscion regalis was described by Grosslein (1976) and Wilk
(1979) to have migratory patterns similar to those of L.
xanthurus, and Bigelow and Schroeder (1953) reported

~

regalis to be a permanent shelf resident off the Carolinas.
Lagodon rhomboides and M. canis have been described by
Hildebrand and Schroeder (1928) and Bigelow and Schroeder
(1953) as having warm water affinities, although M. canis
migrates along the coast to a much greater degree than does
L. rhomboides.

In summer, when the Cape Hatteras faunal

barrier appeared to have remained in place with a thermal
gradient of 10°C, albeit at much higher temperatures (14240C) than in spring, P. triacanthus migrated north through
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the thermal barrier or moved onshore from its offshore
wintering ground into the warming coastal bottom waters
north of Cape Hatteras to become associated with group C.
These proposed migration paths are not mutually exclusive so
that a combination of the two is probable.

Group D remained

restricted to south of Cape Hatteras in the summer with
xanthurus and C. regalis as its core members.
with these species were

~

~

Associated

chrysops, evidently moving onshore

from its wintering grounds off North Carolina and Pomatomus
saltatrix migrating north from south of North Carolina,
possibly Florida (Wilk 1977).
xanthurus and
the summer.

~

Stenotomus chrysops,

~

regalis were all numerical dominants during

That

~

xanthurus and

~

regalis were not

associated with warm temperate species group C, which had
constancy with site groups north of Cape Hatteras (but south
of Nantucket Shoals) suggests that either these species had
not yet migrated into the coastal waters or they had already
done so and had entered the estuaries of the mid-Atlantic
Bight prior to summer sampling (which occurred between late
July and early August).

By fall these species were

associated with group C and group D was comprised of many,
relatively rare species which entered the analyses for the
first time and included several pelagics.

Fall group D was

only associated with site group III and then minimally.
With the appearance of the thermophilic groups, E in
summer and E and F in fall, the heterogeneity of these
southern communities became apparent.

Absent in the

spring, group E, containing half demersal and half
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pelagic species, was distributed, during summer, mainly
in site group IV, the inshore site group south of Cape
Hatteras where the temperatures were highest (>24-28°C).
This was an ephemeral group as by fall its constituent
species were scattered throughout other species groups or
had been dropped from the analyses.

Only Diplectrum

formosum was carried over from summer group E to fall group
E, which consisted of species entering the analyses for the
first time and included three pelagic species.

Group E, in

the fall, was almost equally distributed over the inshore
and offshore site groups south of Cape Hatteras, with
perhaps a slight preference for the offshore group.

This

distribution was not surprising as the thermal regime south
of Cape Hatteras was homogeneous at about 26°C.
Centropristis striata and Prionotus carolinus cooccurred in
species group C during the summer and group E in fall.
Musick and Mercer (1977) reported C. striata to migrate
inshore in spring, arriving between Virginia and Woods Hole,
Ma. in April and May and that this species is most abundant
in summer at depths shallower than 37m.

In fall C. striata

migrates south and offshore where it is a year round
resident south of Cape Hatteras (Kendall 1977).
(1978) described the migratory patterns of
which are similar to C. striata.

~

Roberts

carolinus

These species either

migrate out of the coastal waters north of Cape Hatteras in
the fall, despite high seasonal temperatures, or become
unavailable to sampling by trawl through behavior
modification.
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Species group F was identified only in the fall when
it was completely restricted to the inshore site group south
of Cape Hatteras.

This was a large, heterogeneous group

containing both demersal and pelagic species, many of which
again entered the analyses for the first time.

The complete

restriction of this group to inshore, south of Cape Hatteras
cannot be explained by temperature as the area south of Cape
Hatteras was thermally homogeneous; it may be explained,
however, on the basis of depth as Wenner et. al. (1979c)
have shown depth to be important in determining species
distribution patterns in the South Atlantic Bight.
The dynamic nature of the seasonal distribution
patterns of demersal fish assemblages became apparent
when seasonal cruises were combined.

Cryophilic species

group A was normally restricted north of Nantucket
Shoals, except in winter when there was no faunal
barrier.

Then these species were found southwest to

northern New Jersey.

The epicenter of boreal group B's

distribution was between Nantucket Shoals and southern
New Jersey although it was present north of the Shoals in
all seasons and south to Cape Hatteras when the bottom
temperatures were cool.
Cape Hatteras.

This group never ranged south of

Combined species group C consisted of the

numerical dominants

~

chrysops.

~

triacanthus,

~

xanthurus and C. regalis, and was ubiquitous between
Nantucket Shoals and Cape Fear inshore (site groups IV
and V, Fig. 18) in summer and fall (although there were
some spring sites in group IV).

Group C generally
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respected the thermal barrier at Nantucket Shoals but did
not appear to have its distribution influenced by the
thermal barrier at Cape Hatteras even though the thermal
gradients and actual temperatures were similar at both
barriers (albeit at different seasons).
Combined species group D was comprised of only
relatively rare species with no numerical dominants, and had
very low constancy with any of the site groups.

Combined

species groups E and F were basically the same as the fall
species groups E and F respectively.

Neither group ranged

north of Cape Hatteras regardless of season and group F was
restricted to inshore site group

v.
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SUMMARY

The species assemblages and site groups in this study
have generally correlated with the borders of the faunal
provinces of the United States east coast continental shelf
as described by Parr (1933) and others.

Inshore boreal

species associations were restricted to north of Nantucket
Shoals during the warm seasons when the Shoal's faunal
barrier was present.
The mid-Atlantic Bight, between Nantucket Shoals and
Cape Hatteras, undergoes the greatest seasonal temperature
changes of the three east coast provinces (Parr 1933).
These temperature changes are reflected in the varied
demersal fish assemblages observed in this province
throughout the year; only species groups E and F did not
enter this province at some season.

Grosslein (1976)

describes this province as " ... a heavy mixture of species
throughout the region with virtually no place on the shelf
where significant aggregations of a number of important
species are not found at some time of year."
The thermal barrier at Nantucket Shoals has been
described as a faunal barrier to the coastwise migration of
organisms (Parr 1933, Taylor et.al. 1957, Limeburner and
Beardsley 1979).

It should be noted however, that demersal

fish are generally quite mobile, many having onshore83
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offshore migration patterns with which to move offshore and
follow desired isotherms aro•J.nd such barriers.

The same may

be said for the Cape Hatteras faunal barrier; many warm
temperate species with coastal migration patterns remained
inshore south of Cape Hatteras when the barrier was present
(although others of these species may have wintered north of
Cape Hatteras offshore).

Magnuson et. al. (in press)

reported that the thermal front at Cape Hatteras separated
demersal fish associations with cold water affinities from
associations with warm water affinities and

11

•••

the Cape

Hatteras area functions as a barrier between distinct faunal
provinces on a broad scale •.. 11 •

The fact that species

groups E and F, when present in the fall, did not transcend
the barrier into the coastal regions of the mid-Atlantic
Bight, further confirms the concept of this area being a
biogeographic boundary.

The classic view of the Cape

Hatteras faunal boundary holds that during the warmer months
it is ineffectual.

In this study the fall temperature

gradient of 4-8°C at Cape Hatteras appeared sufficient to
prevent the thermophilic species in groups E and F (table 2)
from moving from the South Atlantic Bight into the midAtlantic Bight.
South of Cape Hatteras in the relatively homothermal
South Atlantic Bight (Parr 1933), where depth is more
important than latitude in determining species groups
(Wenner et. al. 1979c), the demersal fish associations
considered in this study were ephemeral due to relatively
high diversity which results from the presence of temperate,
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sub-tropical and tropical species (Wenner et. al. 1979a).
Within the faunal provinces the species assemblages and
site groups were associated with preferred temperatures.
The assemblages and groups were divided by temperature
differences except south of Cape Hatteras, in summer and
fall, when depth appeared more important, and off Cape May,
N.J. for some, as yet unexplained, reason.

This separation

off Cape May is collaborated by Colvocoresses and Musick
(1985) who report a similar group division offshore of this
area.
By describing the community structure of demersal fish
on the inshore U.S. continental shelf (Cape Ann, Ma. to Cape
Fear, N.C.) and how the species associations responded to
seasonal thermal regimes and gradients, a baseline has been
created to which future demersal fish associations may be
compared.

Such a comparison may indicate community

composition changes due to fishing pressures, effects of
pollutants or large natural pertubations.

For example, the

knowledge of which species consistenly occur together can be
of value to fishery management, by permitting the prediction
of impacts on populations of by-catch species; those species
caught while fishing for a certain targeted species.
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APPENDIX
Scientific and common names of major recurrent species (American
Fisheries Society, Special Publication No. 12, Fourth Edition,
1980).

A losa pseudohll..,.engus
A t.osa sapid:lssim

Anchoa hepsetus

Anchoa mitchit.t.i
Calomus t.eueosteus
Ca:r'tln% banhot.07tfl.Bi.
Ca:r'tln% m-riBOB

Cerrt;.,.opnstis stJeiata
(Jh'to-,.osc~ ch-,.gBUJ-UB
C'tupea htz:reenguB hll.yemzgus
Cynoscion JIB!P'tis

Deca:pt81"UB punm;atus
fm-moBZIIIf
Engreau'titlae

Dipt.e~

Et;roopus mic-,.ostomus
Et7-umeus ter-es

GaL1us 11107'hua
a.l.lreo'tineatum
HemimpttmUJ anrmeieanus

Haemut.on

Hippoglossoides ptatessoides
I.agodon .,.homboides
I.a-,.imus fasciatus
r.eiostomus :mnthurrus
r.i.nrmda f~nea
I.ophius anrmeieanus
Hac-,.oaoa.,.ces fJl'IIBJ"i.etznWJ

Menidia msnidia
Hentici.,..,.hus anrmeieanus
Hentici.,..,.hus samtit.is
He-,.'tUI!ciUB bit.i~B
H0111lCa1d;hus hiBp'idJI.s
Mustet.us t:aniB

Hyt.iobatus fyegnrl.nvi.t.t.ei
Hyo:z:ocephll.t.us octodecemspinoBUB
Ophidiidae
Opisthonem og'tinum
onhopyeistis ch-,.ysopteJ'a
PamUchthys ilsntatus

Alewife
American shad
Striped anchovy
Bay anchovy
Whitebone porgy
Yellow jack
Blue runner
Black Sea bass
Atlantic bumper
Atlantic herring
Weakfish
Round shad
Sand perch
Anchovies
Smallmouth flounder
Round herring
Atlantic cod
Tomtate
Sea raven
American plaice
Pinfish
Banded drum
Spot
Yello~ail flounder
Goosefis'h
Ocean pout
Atlantic silverside
Southern kingfish
Northern kingfish
Silver hake
Planehead filefish
Smooth dogfish
Bullnose ray
longhorn sculpin
Cusk-eels
Atlantic thread herring
Pigfish
Sunmer flounder
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P~Ziehthys obZongus
Pepr-i,Zus aZepidotus
Pepr-i,Zus ~hus
Portrz.tomus sattatfeiz
Purichthys pZect;reodon
'PPiacanthus aPBnatus
PJeionotus c:a:,.otinus
PseudopZeur-CJnBCtes tl11'18'rieanus
Raja eg'Lantm-ia
Raja
Rhiaoprionodon tmemenovae
Saf'dineZZa am-ita
Sconiber- japonious
Scombefeomor-us eavatZa
ScornbefeorntJ'rUB nrumtatus
Seophtha.Zmu.s aquosus
SquaZus acanthias
Squatina clurneJeiZi
Stenotomus ehP,Ysops
Syngnathus fusous

mnacea

SynodMB foetens
Synodontidae
TJraeh.rneus tathtrm£
fheophyeis ChUBs
U7'ophyeis Ngia

Fourspot flounder
Harvestfish
Butterfish
Bluefish
Atlantic midshipman
Bigeye
Northern searobin
Winter flounder
Clearnose skate
little skate
Atlantic sharpnose shark
Spanish sardine
Chub mackere 1
King mackerel
Spanish mackerel
Windowpane
Spiny dogfish
Atlantic angel shark
Scup
Northern pipefish
Inshore lizardfish
lizardfishes
Rough scad
Red hake
Spotted hake
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